Abstract Soil tillage, crop residue management, nutrient management, and pest management are among the core farming practices. Each of these practices impacts a range of soil functions and ecosystem services, including water availability for crops, weed control, insect and pathogen control, soil quality and functioning, soil erosion control, soil organic carbon pool, environmental pollution control, greenhouse gas refuse, and crop yield productivity. In this study, we reviewed relevant bibliography and then developed a simple conceptual model, in which these soil functions and ecosystem services were scored and compared between conventional, conservation, and integrated agricultural systems. Using this conceptual model revealed that the overall agro-environmental score, excluding crop yield productivity, is largest for conservation systems (71.9 %), intermediate for integrated systems (68.8 %), and the smallest for conventional systems (52.1 %). At the same time, the crop yield productivity score is largest for integrated systems (83.3 %), intermediate for conventional systems (66.7 %), and the smallest for conservation systems (58.3 %). This study shows the potential of moderate-intensity and integrated farming systems in carrying on global food security while adequately sustaining environmental quality and ecosystem services.
Introduction
Agricultural intensification has been perceived as vital for meeting global food demand. However, over time, awareness of the adverse environmental impact caused by conventional cropping systems has grown. Nowadays, there is broad agreement that conventional cropping systems have adverse environmental impacts, with the potential of risking natural ecosystems and human health over both the short and long terms (Duru et al. 2015) . Some of the main risks are water source depletion, on-site and off-site soil and water resource contamination, air pollution and greenhouse gas emissions, soil organic carbon depletion, erosion of soil fertile layers by wind and water, and soil salinization (Horrigan et al. 2002) . Particularly, conventional cropping systems have led to land degradation, putting global food security at risk (Hurni et al. 2015) . In addition to food, the production of vegetative fiber as feed for the livestock sector has an enormous environmental footprint, further exacerbating pressures on natural resources (Jankielsohn 2015) . Furthermore, the increasing reach of the bio-energy sector has led to the conversion of extensive croplands from food and feed production to bioenergy cropping (Tilman et al. 2009 ). Simultaneously, the increase in global human populations has resulted in a growing demand for food, feed, and bioenergy cropping, accelerating additional land-use change from natural lands to croplands (Alexander et al. 2015; Zdruli et al. 2014) . It has been shown that degradation of natural resources adversely affects potential agronomic productivity (Agrawal 2005; Vadez et al. 2012) , forming a positive feedback between agricultural production and environmental quality, which further weaken each other.
Since the late twentieth century, conservation agriculture has become a growing sector in both developed and developing countries, aimed at minimizing environmental footprints and sustaining natural environments and resources (Liu 1999) . However, the concept of full conservation and low-impact practices can impose serious limitations in terms of soil quality and fertility and agroecosystem functioning and health. For example, conservation tillage may increase water deficiency for crops in drought years (Vyn et al. 2013) , entire retention of crop residue might boost pest infestation (Cork et al. 2005) , organic nutrient management can augment risk of off-site water source contamination (Flores et al. 2012) , and nonchemical pest management presents high risk of crop loss due to pest infestation (Pretty and Bharucha 2015) .
Since prevailing farming paradigms perceive high crop yields and low environmental impact as being in conflict with one another (Zhang et al. 2012) , it is of crucial importance to define an environmentally sound range of agronomic activities, of which a certain extent of intensity would be considered tolerable (Fig. 1) . Particularly, in this study, moderate-intensity and integrated agronomic systems are discussed in detail, with regard to both the overall environmental footprint of croplands and their capacity to sustain crop yield productivity. Indeed, over time, moderateintensity and integrated agricultural systems, which aim to maintain high yields while sustaining natural environments and resources, have attracted increasing attention. According to this approach, natural resources should be used as a means to generate quantitatively and qualitatively fair crops, while sustaining environmental quality for the sake of next generations (Chen et al. 2011 ). Yet, despite these trends, actual implementation of moderate-intensity and integrated agricultural systems is still far below its potential. In this study, moderate-intensity and integrated paradigms refer to combinations of certain conventional and conservation concepts with regard to the core farming practices of tillage methods, crop residue management, nutrient management, and pest management. Respectively, we refer, in this review study, to the integrated practices of moderate tillage, moderate on-site retention of crop residue, integrated nutrient management, and integrated pest management. Each of these lies between two extremes of higher and lower intensity. We considered both on-site impacts that directly affect the agroecosystem's features and potential productive capacity, as well as the off-site impacts that are more relevant to the quality of the wider environment and which could only indirectly affect agronomic productivity.
Ecosystem services include the direct and indirect benefits and contributions of ecosystems to human well-being. These include (1) provisioning services, such as food, feed, fiber, and fresh water; (2) regulating services, such as flood and disease control, and climate regulation; (3) supporting services, such as soil formation, water and nutrient cycling, the production of atmospheric oxygen, and provisioning of habitats; and (4) cultural services, such as a range of spiritual, recreational, and aesthetic benefits (Duru et al. 2015) . Among other definitions of soil functions is the provision of an adequate living environment for the soil food web, vegetation, and humans (Haslmayr et al. 2016) . Soil functions can be classified as provisioning, regulating, or supporting services, while agricultural activities directly or indirectly impact all types of ecosystem services. Particularly, intensification of agriculture has led to the considerable depletion of a range of ecosystem services (Williams and Hedlund 2014) .
The objective of this review study was to assess-through the use of a simple conceptual model-the related agronomic features and environmental impacts of moderate-intensity and integrated cropping systems, while comparing them to those of conventional systems on the one hand and those of conservation systems on the other. The rationale behind this objective was to fill the gap in comparable knowledge among these Fig. 1 Moderate stubble grazing in a post-harvest wheat field by a flock of goats. This management practice demonstrates a moderate-intensity and integrated agricultural system. Photo taken by Allan Degen in the semi-arid Libin region in southern Ethiopia three types of agricultural systems. While doing that, main soil functions and ecosystem services were discussed, and their relative impact was calculated by using a simple scoring procedure. The paper focuses on annual field crops and excludes perennial crops.
Literature analysis
The soil functions and ecosystem services discussed in this study include the following nine items: (i) water availability for crops (as determined by the soil-water dynamics); (ii) weed control (as determined by the applied agro-techniques); (iii) insect and pathogen control (also, as determined by the applied techniques); (iv) soil quality and functioning (including physical, chemical, and biological components); (v) soil erosion control (including rill, inter-rill, and gully erosion); (vi) soil organic carbon pool (the total organic carbon pool, without relating to specific functional fractions); (vii) environmental pollution control (including preventing contamination of water, soil, and air resources); (viii) greenhouse gas refuse (including carbon dioxide, nitrous oxide, and methane); and (ix) crop yield productivity (including both vegetative and reproductive plant material). Additional functions/services could be considered relevant for this kind of study; for example, nutrient-use efficiency is an important agronomic service, but a decision was taken to not include it directly in the model. This decision was taken in order to negate redundancy and because sub-aspects of nutrient-use efficiency are embedded in other services, including soil quality, soil erosion control, environmental pollution control, and greenhouse gas refuse, all of which are related to, or considered regulators of, soil nutrient pool. Similarly, sustaining biodiversity in agricultural systems is also an important agro-environmental service but was not directly included in the model. This was because subaspects of this service are either directly or indirectly included in other services, including weed control, insect and pathogen control, and soil quality and functioning.
A literature review was undertaken focusing on the impact of each of the following core farming practices: (1) tillage methods, (2) crop residue management, (3) nutrient management, and (4) pest management on the nine above-mentioned soil functions and ecosystem services. This included three levels of intensity for each of these services. In this way, the high intensity level was discussed in relation to conventional tillage, full removal of crop residue, chemical nutrient management, and chemical pest management. Medium intensity was discussed in relation to moderate tillage, moderate removal of crop residue, integrated nutrient management, and integrated pest management. Finally, low intensity was discussed in terms of no-till, no removal of crop residue, organic nutrient management, and organic pest management. It is acknowledged that this general structure, which distinguishes between two extremes and one medium case for each of the four farming practices, could be considered an oversimplification of a much more complex reality. Also, numerous combinations with other, complementary practices, such as crop rotation, ley farming (fallowing), inter-cropping, cover-cropping, etc., exist, making the abstraction into a simple synthesized framework rather difficult. Moreover, we have no evidence that different scoring methods would yield the same results. Yet, this simplified structure of the conceptual model was utilized in order to ease the abstracting and analysis of data and to enable an assessment of the overall agro-environmental impact of these core farming practices.
At the next stage, impacts were rated according to three score levels: low (a rank of 1), medium (a rank of 2), and high (a rank of 3). This allowed us to separately calculate the scores for each of the nine soil functions/ecosystem services and according to a combination of agronomic practice and level of intensity. The ranking was based on a graduated scale, of which the higher the score, the better the agro-environmental ranking. A rank of 1 or 3 was given only for a direct and clear effect. A rank of 2 was given for a medium effect, as well as in the event of an indirect effect, not clear effect, a possible bimodal effect, or irrelevance. In each of the following sections-Sects. 3, 4, 5, and 6, for the practices of tillage methods, crop residue management, nutrient management, and pest management, respectively-the effects of each of the conventional, conservation, and moderate/integrated systems on each of the above nine functions/services were discussed according to the three levels of intensity and then ranked. In these sections, the given score was indicated throughout the text by the marks "[1]," "[2]," or "[3]" for the low, medium, and high agro-environmental ranks, respectively. For ease of presentation, a spider chart was created for each of the four farming practices, visually presenting their impacts on each of the nine functions/services, and according to level of intensity. The crop yield was analyzed separately from the other eight functions/services. The rationale for this separation was to highlight this sole provisioning service, as opposed to the other eight regulating or supporting services.
Mathematically, we described the score of each of the eight functions/services as a variable x i j,k , where i represents the function/service, j represents the farming practice, and k represents the intensity of that practice. average crop yield score for each intensity was calculated (by averaging the four farming practices) and is defined as
It is important to mention that giving a certain score for a function/service was based on impacts that are widely (though not always exclusively) accepted. It is agreed that this approach could contradict certain local conditions, temporary or transient circumstances, or extreme situations, which would yield modifications in some of the impacts and the resultant scores. Also, for ease of discussion and calculation, weight i.e., agronomic-environmental importance, for each of the nine functions/environmental services, as well as for each of the four farming practices, was assumed to be equal (1/9 and 1/4, respectively). It is acknowledged that basing a differential, relative weight for each service and practice could have yielded somewhat different results. However, such a differential calculation could not have been implemented because of the lack of relevant knowledge at present. Despite these limitations, the importance of this study stems from it being the first to assess, under a whole and inclusive framework, the overall agro-environmental impact of conventional, conservation, and integrated farming systems.
Tillage methods
Tillage of croplands is a basic agronomic method, aimed at loosening upper soil layers and preparing seedbed for the subsequent crop. Tillage method effects on soil functions and ecosystem services are presented in Fig. 2 .
Depending on the combination of climatic and pedogenic settings, conventional tillage has either a positive or negative effect on the soil moisture status and its availability for crops [2] (Kettler et al. 2000; Vetsch et al. 2007; Miller et al. 2012) . At the same time, high tillage intensity has proven to be efficient in controlling the infestation of weeds [3] (Abdin et al. 2000; Lazauskas and Pilipavicius 2004; Gruber and Claupein 2009) and pests [3] (McLaughlin and Mineau 1995; Cabanillas et al. 1999; IARI 2012) . Nevertheless, conventional tillage has a detrimental impact on the physical quality of soil [1] (Horrigan et al. 2002; Ji et al. 2015) , with the subsequent increase in frequency and magnitude of erosional processes [1] and boost in oxidation of soil organic carbon [1] (Horrigan et al. 2002; Zdruli et al. 2014) . Overall, conventional tillage has both positive and negative effects on environmental quality [2] but, due to the very high use of machinery in seedbed preparation, is defined as causing high greenhouse gas emissions, particularly of carbon dioxide [1] (Schneider and Smith 2009; Ho 2011) . Despite potentially increasing crop yields in the short run, the overall degradation of geoecosystems often tends to limit crop productivity in the long run [2] (Wienhold and Weil 2006; Ji et al. 2015) .
Conservation tillage methods have been developed to overcome the adverse agro-ecological impacts of conventional tillage. Of these methods, no-till has been widely accepted in conservation agriculture, negating any type of tillage. However, it was reported that the soil-water status under notill is highly dependent on climatic and other physical conditions [2] (Kennedy and Schillinger 2006; TerAvest et al. 2015) . For example, it was reported that no-till may increase water availability for crops in average years but limits its availability in drought years (Nixon 2009 ). Moreover, no-till does not provide effective means for controlling infestation of weeds [1] (Abdin et al. 2000; or pests [1] (Cabanillas et al. 1999; IARI 2012) . Still, the zero disturbance of the soil structure improves the physical quality of soil [3] (Ji et al. 2015) , efficiently controls erosional processes [3] , and augments carbon sequestration in soil [3] (Lal 2004; Stavi and Argaman 2014) . Nevertheless, no-till has both positive and negative impacts on environmental quality [2] (Stavi and Argaman 2014) . A specific example of adverse effect is the high risk of environmental pollution imposed by the excess use of herbicides and pesticides . Specifically, the lower need for farm machinery work in seedbed preparation, with the resultant lower fuel consumption and coupled with the generally smaller emissions of carbon dioxide from soil, decreases on-site greenhouse gas emissions. Yet, the high emissions related to manufacturing and transportation of herbicides and pesticides (Ho 2011 ) increase off-farm emissions, with the resultant positive and negative impacts on Fig. 2 Spider chart of tillage impact on soil functions and ecosystem services. Impacts are separately presented for the three levels of intensity of tillage, including conventional tillage, moderate tillage, and no-till. The major soil functions and ecosystem services are graded for each of the tillage intensities according to a scale of the following: 1 for low score, 2 for moderate score, and 3 for high score greenhouse gas emissions [2] (Lal 2004) . Overall, no-till is defined with case-dependant and site-specific effects on crop yields [2] (e.g., Kettler et al. 2000; Vetsch et al. 2007; Nixon 2009 ). Moderate tillage methods are those which combine some sort of cultivation in order to confront agronomic challenges imposed by either conventional tillage or no-till. Several types and procedures of moderate tillage methods have been developed, mitigating tillage intensity at either the spatial or the temporal level. For example, strip tillage, in which cultivation is restricted to the seeding/planting rows, while the inter-row spaces remain undisturbed (Vetsch et al. 2007 ). An example of the temporally moderate method is occasional tillage, in which cultivation is conducted once in 4 to 7 years (or even longer), aimed at controlling weed or pest infestation, or mixing organic amendments in the soil (Stavi et al. 2011) . Other types of moderate tillage include methods that are limited to the shallowest depth of cultivation-such as "shallow tillage," which is common in drylands and Mediterranean regions (Stavi et al. 2015 )-or those which shake the soil profile to a certain depth but prevent the turnover and mixing of soil layers (e.g., paraplowing, subsoiling) (Franzluebbers et al. 2007) . Despite these features of moderate tillage methods, their effect on the soil water status seems to be site-specific [2] (Miller et al. 2012) . Still, the flexibility of these methods provides them with high effectiveness in weed , and greenhouse gas refuse [2] . The combination of advantages of both of the conventional tillage and no-till methods and, particularly, the comparatively smaller competition by weeds and the lower pressures imposed by pests, together with the moderate adverse impact on soil functions, allows the increase of crop yields [3] (Kettler et al. 2000; Peigné et al. 2007; Ji et al. 2015) .
Crop residue management
After crop harvest, collection of crop residue from the ground surface has been a common practice, implemented for the provision of feed for livestock or feedstock for the emerging bio-energy sector. Another relevant practice is the on-site grazing of crop residue by livestock animals, with the consequent effects on the soil physical and bio-chemical features through trampling action and the excretion of feces and urine. Crop residue management effects on soil functions and ecosystem services are presented in Fig. 3 .
The entire removal of crop residue is widely acknowledged to reduce soil moisture content due to the decreased shading of the ground surface, increased evaporation rates, and lower availability of water for crops [1] (van Donk et al. 2012; IARI 2012) . Nevertheless, the ground surface exposure has been reported to increase soil temperature during the early growing season, increasing weed infestation [1] (Sarajuoghi et al. 2012) . Still, the absence of crop residue negates potential habitats for pests, decreasing their density and activity [3] (Cork et al. 2005; IARI 2012 ). However, the residue removal lowers the protection of the ground surface from the raindrop splash impact and reduces the input of organic matter into the soil, lessening the overall soil quality (Dendooven et al. 2012) . Nevertheless, in the long run, the entire removal of crop residue can negate maximal productivity of crop yields [2] (van Donk et al. 2012; Ji et al. 2015) .
The on-site, entire retention (no removal) of crop residue after harvest has been perceived as an important component of conservation agriculture. It was widely reported that this practice decreases soil-water evaporation loss, augmenting water availability for crops [3] (Govaerts et al. 2007; van Donk et al. 2012) . Additionally, the shading effect provided by the crop residue prevents weed germination [3] (Sarajuoghi et al. 2012) . At the same time, it also provides habitats for pests, exacerbating risk of their infestation [1] (Cork et al. 2005; Govaerts et al. 2007; IARI 2012) . Still, the residue cover protects the ground surface and provides organic materials for the soil, improving overall soil quality [3] , efficiently controlling soil erosion [3] (Lal and Pimentel 2009) , and augmenting soil organic carbon stock [3] (Dendooven et al. 2012) . The entire retention of crop residue has no explicit impact on Fig. 3 Spider chart of crop residue management's impact on soil functions and ecosystem services. Impacts are separately presented for the three levels of intensity of crop residue removal, including entire removal, moderate removal, and no removal. The major soil functions and ecosystem services are graded for each of the residue removal intensities according to the scale of the following: 1 for low score, 2 for moderate score, and 3 for high score Moderate removal of crop residue is aimed at using some of the organic remains for off-site utilizations, while on site using a certain part of the residues as a cover of the ground surface. It seems that the effects of moderate removal of crop residue on each of the services of water availability for crops, weed control, insect and pathogen control, overall soil quality, soil erosion control, soil organic carbon pool, environmental pollution control, greenhouse gas refuse, and crop yield productivity are site-specific and case-dependant [therefore, a rank of 2 is assigned for each of these services] (Graham et al. 2007; Hatfield et al. 2007; Varvel et al. 2008; Miller et al. 2012; Sarajuoghi et al. 2012; Barsotti et al. 2013; Kirkegaard et al. 2014; Stavi et al. 2015) . Regardless, it seems that the overall impact on agroecosystem functioning is utterly determined by the rate of residue retention. Moreover, it seems that critical thresholds of residue retention rate should be determined on a site-dependent basis and taking into account the prevailing climatic, lithologic, topographic, and pedogenic conditions, as well as the cropping history and agrotechnical characteristics (Kirkegaard et al. 2014 ). Also, it seems that means of residue removal, i.e., whether it is collected by agricultural machineries or consumed by livestock animals (as a part of mixed agro-pastoral farming), is an important determinant of impact on the geo-ecosystem. For example, recent studies highlighted no adverse effect, or even positive effect, of moderate grazing of crop residue on weed control (Barsotti et al. 2013) , as well as on the soil's nutrient status (Hatfield et al. 2007 ), physical quality, hydraulic characteristics, and organic carbon pool (Stavi et al. 2015) . These impacts are attributed to the combined effect of the trampling action that breaks down the mechanical crust which covers the ground surface, feces excretion that provides the soil with a more labile form of organic carbon, and the mixing of stubble residue and feces in soil (Stavi et al. 2016) . Incorporating these effects into the conceptual model would be expected to considerably increase the overall score of moderate removal of crop residue (and consequently, improving the score of moderate-intensity and integrated agricultural systems). Nevertheless, these effects were not synthesized into the conceptual model since this study was focused on the most widely acknowledged impacts.
Nutrient management
The provision of soil with nutrients may be implemented before or during the seeding/planting of crops, as well as during the growing season, and is aimed at replenishing soil elements and providing crops with their nutritive needs. Nutrient management effects on soil functions and ecosystem services are presented in Fig. 4 .
Chemical nutrient management involves no organic additives that tend to increase macro-aggregation processes and water holding capacity and, therefore, has the least positive impact on the soil-water and its availability for crops [1] (Sene and Badiane 2005; Blanco-Canqui et al. 2015; Wu and Ma 2015) . This management has no clear effect on weed infestation [2] . At the same time, due to the decreased soil health, it may increase infestation of soil pathogens [1] (Horrigan et al. 2002) . Also, the no replenishment of organic matter stocks decreases the overall soil quality [1] (Chivenge et al. 2011 ), erosion control [1] (Miller et al. 2012; Lal 2015) , and soil organic carbon pools [1] (Chivenge et al. 2011 ). In addition, the chemical soil additives, such as nitrates, are highly prone to spatial redistribution through surface processes, as well as to deep percolation, risking quality of surface and belowground water sources [1] (Horrigan et al. 2002; Miller et al. 2012; Wu and Ma 2015) . Additionally, the greenhouse gas footprint of chemical fertilizer is incredibly high, with considerable emissions of carbon dioxide and nitrous oxide both offfarm (during geological extraction and industrial manufacturing) and on-farm [1] (Ho 2011; Zhang et al. 2012; Wu and Ma 2015) . Despite being effective in increasing yields in the short run, chemical nutrient management could impede crop productivity in the long run [2] (e.g., Choudhary et al. 2013; Wu and Ma 2015) .
Among the organic soil-nutrient additives, livestock manures are predominant. The organic additives employed in organic nutrient management regimes tend to increase the soil macro-aggregate formation, augmenting water availability for crops [3] (Sene and Badiane 2005; Blanco-Canqui et al. 2015) . However, plant residue-based amendments that are Fig. 4 Spider chart of nutrient management's impact on soil functions and ecosystem services. Impacts are separately presented for the three levels of intensity of nutrient management, including chemical, integrated, and organic. The major soil functions and ecosystem services are graded for each of the nutrient management intensities according to the scale of the following: 1 for low score, 2 for moderate score, and 3 for high score handled incorrectly might contain vital seed banks, increasing risk of weed infestation [1] (Dastgheib 1989; Larney and Blackshaw 2003) . Regardless, due to the sustaining of soil microbial activity, the organic additives are likely to increase soil health, reducing infestation of soil-borne pathogens (Horrigan et al. 2002) . Still, organic additives that are incorrectly processed may increase the risk of pathogen that could infest subsequent crops [2] (Erickson et al. 2014; Millner et al. 2014 ). Yet, these additives help to increase the overall soil quality [3] (Chivenge et al. 2011 ), erosion control [3] (Miller et al. 2012; Lal 2015) , and organic carbon stocks [3] (Chivenge et al. 2011; Zhang et al. 2012 ). However, application of organic additives, such as livestock manure, can increase the risk of contamination of above-ground and belowground water sources, jeopardizing environmental quality [1] (Horrigan et al. 2002; Flores et al. 2012; Tuomisto et al. 2012) . Also, the production (in dairy and poultry farms, composting facilities, etc.) and on-farm use of these additives are characterized with high greenhouse gas emissions [1] (Tuomisto et al. 2012; Fukumoto et al. 2015; Owen and Silver 2015) . Ultimately, the relatively slower turnover of organic additives compared to chemical ones makes their nutrient content to be of moderate availability in the short run, restraining the rate of crop yield productivity [2] (Magen 2008; Chivenge et al. 2011 ; New Hampshire Department of Agriculture, Markets, and Food 2011). Integrated nutrient management allows the combined utilization of chemical and organic soil additives. The embedded flexibility in integrated nutrient management enables the adoption of a range of strategies and taking ad hoc decisions according to the dynamic circumstances, with the ultimate goal of best fitting soil nutrient status according to crop needs (Chivenge et al. 2011) . The combining of organic additives enables the moderate formation of soil macro-aggregate, with the resultant moderate availability of water for crops [2] (Sene and Badiane 2005; Wu and Ma 2015) . The impacts of integrated nutrient management on infestation of weeds, as well as insects and pathogens, are not direct and generally are case-dependant and site-specific [2] . At the same time, integrated nutrient management has a moderate impact on overall soil quality [2] (Chivenge et al. 2011) , soil erosion control [2] (Miller et al. 2012) , and soil organic carbon pool [2] (Chivenge et al. 2011; Zhang et al. 2012 ). The integrated nutrient management's relatively high nutrient-use efficiency by crops moderates their leakage to the environment [2] (Miller et al. 2012; Wu and Ma 2015) and mitigates greenhouse gas emissions [2] (Wu and Ma 2015) . The combined effect of these services, and particularly the moderate impact on soil functions, results in the formation of a supportive habitat for sustaining crop productivity [3] (Chivenge et al. 2011; Choudhary et al. 2013; Wu and Ma 2015) .
Pest management
Pest management has been developed since the onset of agriculture and the domestication of plants. Pest management effects on soil functions and ecosystem services are presented in Fig. 5 . Overall, compared to any of the above-discussed core farming practices, pest control is not generally perceived to directly nor considerably impact many of the related soil functions and ecosystem services. Therefore, only scant research has been implemented on some of these services, including soil quality, soil erosion control, soil organic carbon pool, and greenhouse gas emissions. Thus, in this section, pest control was generally (though not exclusively) assumed to have indirect effect, no clear effect, or irrelevance for each of these, with the consequent scoring of 2.
Chemical pest management includes the use of herbicides, insecticides, fungicides, nematicides, etc. Overall, the application of these chemicals to croplands has an indirect effect on water availability for crops due to the effective elimination of competitive weeds [3] (Washington State University Cooperative Extension 2003; Khanh et al. 2007 ). Yet, regarding the very specific target of controlling weed and pest infestation, many studies have reported the possible adaptation in community structure and/or the development of resistance mechanisms, resulting in decreased effectiveness of chemical control of weeds [2] (Horrigan et al. 2002) , insects, and pathogens [2] over time (Horrigan et al. 2002; Miller et al. 2012) . Chemical pest management has no clear effect for either overall soil quality [2] or soil erosion control [2] . At the same time, the negation of soil detritivores decreases the cycling of plant residues, with the consequent smaller organic carbon pool in soil [1] (Wang et al. 2001; Souza et al. 2012) . Also, chemical pest management has the potential to pollute on-site and offsite water bodies and contaminate soil and air resources, highly risking environmental quality [1] (Horrigan et al. 2002; LeBlanc et al. 2011 Rodríguez and Niemeyer 2005; Hassanali et al. 2008) .
Organic pest management includes the use of natural enemies for pest control. For example, carnivore insects and acari which attack pests at different phonological stages, as eggs, larva, or mature individuals. Regardless, organic methods have been supported by tillage activities-both before and during the growing season-particularly aimed not only at controlling weed infestation, but also at controlling a range of other pests. Yet, the use of (inter-row) tillage during the growing season is only possible for row crops, where plants are planted on linear soil ridges or beds. Pest traps have also been used, attracting insects and neutralizing their potential damage. One way or another, the potentially greater risk of weed infestation might decrease water availability for crops [1] . As stated, organic pest management may increase infestation by weeds [1] (Lazauskas and Pilipavicius 2004; Gruber and Claupein 2009) , as well as by insects and pathogens [1] (Hansen et al. 2008; McPherson et al. 2008) . Regardless, organic pest management has no direct effect on overall soil quality [2], soil erosion control [2] , and soil organic carbon pools [2] . However, it is defined as having a comparatively low impact on environmental quality [3] (van Bruggena and Termorshuizen 2003; Birkhofer et al. 2008) . Organic methods have no direct effect on greenhouse gas emissions [2] . Despite being case-dependant, risk of crop failure due to pest or weed infestation in organic pest management is comparatively high [1] (Ngouajio et al. 2003; Birkhofer et al. 2008; Pretty and Bharucha 2015) .
Integrated pest management is defined by the simultaneous and flexible use of a range of means, including tillage (harrowing), mechanical (installing insect traps), and cultural (variety selection, fallowing, crop rotation, cover cropping, etc.) measures. Simultaneously, case-dependant means for crop protection can be applied, including biological pest control, with the possible application of some (relatively lowtoxicity) chemicals (Pretty and Bharucha 2015) or "bio-pesticides." Despite having no direct effect on water availability for crops [2] , the integrated pest management effectively controls weeds [3] (Smith and Menalled 2012; and pathogens [3] (Reddy 2011; Pretty and Bharucha 2015) . At the same time, the integrated pest management has no clear-cut effect on overall soil quality [2], soil erosion control [2], soil organic carbon pool [2], environmental quality [2] (Smith and Menalled 2012; , or greenhouse gas emissions [2] . Still, the decreased competition by weeds and the lower stress by insects and pathogens result in the comparatively greater quality and quantity of crop yields [3] (Rodríguez and Niemeyer 2005; Hassanali et al. 2008 ).
Data integration and general discussion
Scores for each of the four farming practices and three intensities (per farming practice) and according to the nine soil functions and ecosystem services (per combination of farming practice and function/service) were normalized. Then, averaging the normalized scores of the four farming practices according to agricultural system intensity and separately for each of the nine functions/services yielded an inclusive score per agricultural system per function/service (Fig. 6 ). An overall scoring framework-for each of the conventional, integrated, and conservation agricultural systems-generated a single inclusive score for all of the studied functions/services (excluding crop yield productivity) ( Table 1 ). The overall scoring (out of a potential maximum of 100 %), excluding crop yield productivity, showed the highest score for conservation systems, which was only 5 % higher than that of integrated systems, but 38 % higher than that of conventional systems. The crop yield productivity score (also, out of a potential maximum of 100 %) was the highest for integrated systems, which was 25 % higher than that of conventional systems and 43 % higher than that of conservation systems. It is acknowledged that site-specific and local conditions could have slightly changed these scores. Nevertheless, despite occasional exceptions, the general trends of scoring according to which (a) agro-environmental sustainability follows the trend of conservation systems > integrated systems > conventional systems and (b) crop yield productivity follows the trend of integrated systems > conventional systems > conservation systems would have remained the same.
Most of the soil functions and ecosystem services-including water availability for crops, weed control, insect and pathogen control, soil quality, soil erosion control, and soil organic carbon pool-directly impact agricultural productivity. At the same time, the services of environmental pollution control and greenhouse gas refuse have no direct, on-farm, impact. Yet, numerous studies have proven the positive relations between environmental quality and agricultural productivity (e.g., Agrawal 2005) , as well as between carbon dioxide's atmospheric concentrations and agronomic sustainability (e.g., Vadez et al. 2012) . One way or another, besides the environmental impact of agricultural activities, an opposite impact, namely, the effects of environmental conditions on agronomic features, should also be considered by farmers. Regardless, since the early twenty-first century, different schemes to compensate land managers have been proposed, providing incentives for implementing less environmentally harmful farming practices. Among these schemes, the "Farm Bill" practiced in the USA (Reimer 2015) encompasses a good example of how to encourage farmers to sustain a range of ecosystem services in order to promote food security over the long term.
Irrespective of these schemes, the evaluation of direct economic costs (of inputs such as fuel, fertilizers, livestock manure and compost, pesticides, and organic means of pest control, as well as the purchase and maintenance of agricultural machinery) and benefits (from selling the agricultural products) of each of the conventional, integrated, and conservation agricultural systems is rather complicated as they are simultaneously affected by a wide range of local, national, and global factors. In addition to these direct costs and benefits, the indirect costs due to land degradation and environmental deterioration processes should also be considered. Yet, in terms of input-use efficiency, it is generally agreed that conventional systems are the least efficient (Duru et al. 2015) , because of the decrease on their economic return over the long term. At the same time, as revealed by this study, if crop yield productivity indicates an economic return, then integrated systems seem to best function in this aspect.
The novel approach of the conceptual model-stemming from the inclusive assessment and comparisons among the conventional, integrated, and conservation agricultural systems -makes it effective in comprehensively studying their agro-environmental impacts. Specifically, it shows that compared with both of the conventional and conservation agricultural systems, the integrated and moderate-intensity agricultural systems are preferable in terms of crop yield productivity, along with the adequate sustaining of environmental quality and health. As such, in the long run, integrated and moderate-intensity farming systems seem to cope comparatively better with global food security.
Conclusions
Each of the two extremes of conventional and conservation agricultural systems not only bears considerable agroenvironmental advantages, but also faces substantial agronomic challenges. Despite the developed conceptual model having some limitations, its novelty allows for comparison between these two extremes and between each of them and the moderate-intensity and integrated farming systems. As shown in this review study, the moderate-intensity and integrated farming systems are expected to provide satisfactory conditions for crop production, while adequately sustaining environmental quality and health. The findings generated from this study bear implications for both farmers and policy makers and equip them with environmentally sound solutions for sustainable land management. It is expected that due to the continuously growing human population, coupled with the anticipated climatic change and shrinking of natural resources, the features of moderate-intensity and integrated farming systems make them attractive for expansion in the near future.
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